Based on the three-dimensional incompressible Navier-Stokes equations and the standard k~ε two-equation turbulence model, the flow field around the train is simulated numerically in the case of no wind condition. The influence of the head type and the windshield structure on the flow field distribution and the aerodynamic drag coefficient and the lift coefficient are compared and analyzed. The results show that the aerodynamic performance of the streamlined train is better, the resistance of the streamlined train is obviously reduced, especially the first car, tail car resistance decreased significantly, vehicle resistance decreased by 45.9%. The fully enclosed windshield eliminates the flow separation at the windshield and helps to reduce the resistance of the intermediate car, reducing the percentage by 28.6%.
INTRODUCTION
Subway train is a new type of urban public transport system, with security, punctuality, low operating costs, comprehensive economic benefits. However, the traffic volume of the subway is increasing, and the pressure of the traffic system is ________________________ gradually increasing. Many cities improve the transport capacity by increasing the running speed of the train. With the continuous improvement of the speed, the train aerodynamic performance has deteriorated significantly, which not only affects the human comfort, but also poses a threat to traffic safety. [1] . Domestic and foreign scholars use numerical simulation to study the flow field around the train. Zhou Li [2] [3] and others on the train head outside the flow field numerical simulation analysis,
proposed the design of the train head to consider the various pneumatic performance parameters of the train. Liang Xifeng [4] and others on the small windshield, and fully enclosed windshield structure of the train numerical simulation, that the use of fully enclosed windshield can significantly reduce the train running air resistance. In this paper, the numerical simulation method is used to analyze the influence of the two factors on the flow field distribution and the aerodynamic drag coefficient and the lift coefficient of the train head and the windshield structure, so as to reduce the running resistance of the train.
MATHEMATICAL MODEL
The simulated subway train runs under the windless condition in the open air. The train is seen as a stationary object, by blowing the train running direction to simulate the train operation [5] , the wind speed is 33.33m/s, mach number less than 0.3, we can ignore the air compression. Train around the flow Reynolds number is generally greater than 5x10 5 , that is, around the train in turbulent state. [6] [7] .
Therefore, the steady-state, viscous, incompressible N-S equation and Standard k ~ ε two-equation turbulence model are used to solve the whole flow field.
COMPUTATIONAL MODEL, DOMAIN AND BOUNDARY CONDITION

Computational Model
In the simulation calculation, the subway train with the head car (25.25m) + intermediate car (22.1m) + tail car (25.25m) is used as the model, and the vehicle length is 72.6m, as shown in Fig. 1 . To save the computing resources and to ensure that does not affect the flow around the train, the train surface is simplified reasonably. Pantograph, lamp, handle and other details of the characteristics are smoothed. The simulation of the train head is divided into two forms, streamlined and blunt-type, as shown in Fig. 2 ; vehicle connection part of the windshield structure is divided into two forms, respectively, no windshield and closed windshield, as shown in Fig. 3 .
Using the unstructured grid to discretize the computational domain, considering the influence of the boundary layer, the grid is encrypted near the surface of the body [8] . The overall grid size does not exceed 1.2 million, the train head grid shown in Fig. 4 . 
Computational Domain
In order to ensure the full development of the flow field and avoid the influence of the boundary on the flow field around the train, at the same time, to save the computing resources, the infinite length domain is replaced by the finite rectangular domain, and the length and width are 300m, 80m, 40m. In order to avoid the influence of the entrance boundary on the train flow field, the train nose is about 70m from the entrance boundary. In order to avoid the influence of the export port boundary on the train flow field, the tail vortex area is 160m long. The train calculation area is shown in Fig.5. 
Boundary Conditions
The boundary condition of the computational domain is set as shown in Fig.5 . The surface of the train is set to the non-slip wall boundary condition; the front of the calculation domain is set as the velocity inlet, where the X direction velocity is the incoming velocity, i.e. 33.33 m/s, the Y direction and the Z direction are set to zero. The back of the field is set as the pressure outlet and the relative pressure is given 0 Pa. The ground is set to a fixed wall boundary condition. Set the control function at the bottom of the train with the ground, and use the bogie wheel to control the ground. 
Definition of Aerodynamic Coefficients
In order to facilitate the analysis of train force, this paper uses aerodynamic coefficient [9] for comparative analysis. The aerodynamic coefficients are defined as follows,
. Where: c x is the air resistance coefficient and the lift coefficient; F x is the aerodynamic drag and pneumatic lift; ρ is the air density; v =33.33m/s is the speed; S=10.1㎡ is the reference area, when the resistance coefficient is calculated, S is the cross section area of the train (When the lift coefficient is calculated, S is the horizontal projection area of the train). Fig. 6 shows the blunt-type train, streamlined train car longitudinal profile velocity distribution and speed streamline map. Fig. 7 shows the blunt-type train, streamlined train car horizontal section velocity distribution and velocity flow chart. As can be seen, due to the vertical impact of the head and air flow, the head in front of the air speed dropped sharply, so that the front air is constantly being compressed, after analysis, the tip of the nose for the maximum positive pressure. As the train moves forward, the front air flows through the surface of the train, and part of the airflow is in the same direction as the train; the other part flows upward at the tip of the nose along the front window of the driver's room or flows downward at the nose to the bogie area. The streamlined head train makes a large amount of air flowing forward along the front window and both sides of the driver's room so that the airflow at the tip of the nose is much less than that of the blunt trains, and the area of the streamlined head is much smaller than the blunt type. Figure 8 is the blunt trains and streamlined trains sections of the compartment and the whole train resistance coefficient and lift coefficient. It can be seen that the flow coefficient of the streamlined train is more than that of the blunt-type train, and the head, middle car, tail car and vehicle are down by 49%, 10%, 48.6% and 45.9% respectively. It can be seen from Fig. 6 and Fig. 7 that the streamlined head shifts the front air flow along the front window and the sides of the driver's room so that the airflow at the tip of the nose is reduced and the head vehicle resistance is reduced. The train lift coefficient of the streamlined train is 91.1% lower than that of the blunt trains. Head car lift coefficient for the larger negative value, combined with Figure 4 shows that the front car in front of the air flow along the front window of the front flow, the head of the car to produce greater pressure leading to the first car lift for the larger negative. 
COMPUTATIONAL RESULTS AND ANALYSIS
Influence of Train Head type on Pneumatic Performance of Train
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Influence of Windshield Structure on Aerodynamic Performance of Train
ANALYSIS OF FLOW FIELD AROUND TRAIN
Since there is no difference between the windshield trains and the fully enclosed windshield trains, only the flow field structure at the windshield is listed here. When the train is running in a windless condition, the flow field of the two windshields is similar before and after the train. Only the flow field structure of the previous windshield is given. Fig. 9 is no windshield trains and fully enclosed windshield train windshield horizontal section pressure distribution and velocity flow chart. Fig. 10 is no windshield train body wall surface pressure distribution cloud.
As shown in Fig. 9 , there is airflow separation when the airflow through the nowindshield train junction connection, part of the air along the direction of the body backwards, the other part of the airflow into the windshield gap to form a whirlpool, but the whole closed windshield is no such phenomenon. There is a positive pressure area for the windward side of the train, which is due to the direct impact of the airflow. There is a large negative pressure in the upper left corner and right corner of the end wall of the leeward side, because the vortex is formed at the windshield. Fig. 11 shows the resistance coefficient and lift coefficient of each compartment and the whole train of the no-windshield and all-enclosed windshield trains. It can be seen that the resistance coefficient of the two types of head cars is the same, the resistance coefficient of the intermediate car is reduced by 28.6%, and the vehicle resistance coefficient is reduced by 3%. Fig. 9 shows that the air flow through the no external windshield train will produce the flow separation, and air flow through the fully enclosed windshield train will not produce this phenomenon, so the intermediate car resistance coefficient decreased by 28.6%. The lift coefficient of the all-enclosed windshield train increased by 94.1%, and the vehicle lift coefficient increased by 80%. 
PNEUMATIC LOAD ANALYSIS
CONCLUSION
(1) The resistance of streamlined train is smaller. When the airflow through the streamlined train, the air flow is smooth, greatly reducing the train resistance coefficient, especially in the first car, the tail car is more significant decline, vehicle resistance decreased by 45.9%.
(2) Fully enclosed windshield trains are smoother than those without windshields, so the air flow through the windshield will not produce flow separation phenomenon, and it will not form a vortex in the windshield, which will help reduce the resistance in the car, reducing the percentage of 28.6%.
